Though the aetiology of transmissible spongiform encephalopathies (TSEs) remains uncertain, proteinase resistant prion protein (PrP-Sc), a converted form of the normal cellular prion protein (PrP-C), accumulates in the lysosome of cells of the nervous systems of animals with TSEs. In this study, clinical and epidemiological examinations of bovine spongiform encephalopathy (BSE) were conducted in Korea. During the investigated period, none of the cattle exhibited typical clinical signs of BSE, such as behavioral disturbances, high sensitivity, and abnormal locomotion. Immunohistochemical analysis and western immunoblotting were established to detect PrP-Sc in the brain tissue using monoclonal antibody (MAb) F89/ 160.1.5, produced by immunizing mice with a synthetic peptide which corresponds to bovine PrP residues 146-159, NH 2 -SRPLIHFGSDYEDRC-COOH. Although some BSE-like spongiform changes were observed in bovine brains randomly collected from Korean slaughterhouses from 1996 to 1999, no PrP-Sc was detected in those brains with the established immunohistochemistry and western immunoblotting assay. Also, no positive reaction was observed in bovine brains infected with rabies. These immunohistochemical and western immunoblotting methods using MAbs, specifically reactive with conserved epitopes on ruminant PrP, can be used for postmortem diagnosis of BSE. Further, the method can be applied to antemortem and the preclinical diagnosis of ovine scrapie by detecting PrP-Sc in lymphoid tissues, such as the tonsils, third eyelid or peripheral lymph nodes.
Introduction
Bovine spongiform encephalopathy (BSE) is one of family of diseases, the transmissible spongiform encephalopathies (TSEs) that include scrapie in sheep, a chronic wasting disease in deer, feline spongiform encephalopathy, and Creutzfeldt Jakob disease and Kuru in man [7, 25, 35, 36] . Prions are the infectious particles [4, 8, 16, 26] responsible for TSEs. They consist, at least in part, of an isoform (PrP-Sc) of the ubiquitous cellular prion protein (PrP-C) [14, 16, 24] . TSEs have a prolonged incubation period and result in chronic, progressive and ultimately fatal neurodegeneration of the CNS. TSEs provoke neither overt immune nor inflammatory responses since PrP-C and PrP-Sc are derived from the same single-copy host gene [20] . Diagnosis of TSEs has been mainly based upon clinical signs such as apprehension, hyperaesthesia and gait incoordination [9, 39, 38, 40, 43] and the microscope examination of tissues for neuropathological lesions, including vacuolation of neuronal soma and neurites (spongiform changes), and the degeneration and loss of neurones, a reactive astrocytosis and microgliosis [3, 5, 29, 31] . The purpose of this study was to establish immunohistochemistry and western immunoblotting assays with MAb F89/160.1.5 or MAb F99/97.6.1, which are specifically reactive with conserved epitopes on ruminant PrP, for the detection of PrP-Sc, and thereby to confirm TSEs in ruminants in Korea and to differentiate TSEs from other abnormalities with neuropathologic lesions displaying spongiform changes. These assays were used to investigate whether PrP-Sc is present in brain tissues of cattle with suspect clinical signs and histopathologic changes from 1996 to 1999 in Korea.
Materials and Methods

Clinical and epidemiological study of BSE in Korea
A total of 26,688 cattle, most over 2-years-old, from 811 Korean farms were examined for clinical signs of BSE. Cattle with neurologic symptoms were referred for histopathological and immunological examination, and a total of 140 bovine brains were collected from slaughterhouses in Korea between 1996 and 1999.
Monoclonal and polyclonal antibodies to PrP
Monoclonal antibody F89/160.1.5 and MAb F99/97.6.1 [21, 22, 23] were provided by Washington State University. This antibody reacts with the epitope IHFG, conserved in most ruminant species. Polyclonal mouse serum was produced by immunization with a peptide based on bovine Prion protein residues 146-159 (NH 2 -SRPLIHFGS-DYEDRC-COOH), containing an added C-terminal cysteine for conjugation was synthesized [11] and conjugated to maleimide-activated keyhole limpet hemocyanin (KLH; Pierce Chemical Company, Rockford, IL, USA) for immunogen preparation, and conjugated to BSA as the coating antigen for enzyme-linked immunosorbent assay (ELISA). Female BALB/c mice (age 6 to 10 weeks) were injected subcutaneously at 21 day intervals with 10 µg of peptide-KLH conjugate in Ribi adjuvant (RAS; RIBI ImmunoChem Research, Inc., Hamilton, MT, USA) according to the manufacturer's recommendations. Sera were screened by indirect ELISA using a recombinant sheep PrP-C in Escherichia coli [21, 40, 35] . Each well of the ELISA plates (Costar, Cambridge, MA, USA) was coated with 10 µg of peptide-BSA conjugate in 100 µl of 0.05 M carbonate buffer (pH 9.6), and the plates were incubated overnight at 4 o C. Without blocking, 100 µl of antiserum or hybridoma supernatants were incubated for 45 min at 
Source of brain tissue from sheep with scrapie and cattle from Korea
Brain tissues from naturally scrapie-affected sheep of USDA (U.S. Dept. Agriculture) origin were fixed in 10% buffered formalin, routinely processed, and sections were prepared on paraffin-embedded slides for positive controls. As a negative control, brain tissue from healthy sheep and cattle were obtained from farms in Korea. Four rabiesaffected bovine brains as paraffin-embedded blocks were obtained from the National Veterinary Research and Quarantine Service in Korea. Brain stem was separated from 6 cattle with nervous clinical signs in Korean farms. A total of 140 bovine brains were collected from slaughterhouses in Korea from 1996 to 1999. After fixation in 10% buffered formalin and embedding in paraffin, blocks of brain tissue from 4 areas (frontal and caudal mesencephalon, pons, and medulla at the obex) were analyzed when available.
Hematoxylin-eosin (H&E) and amyloid staining and immunohistochemistry (IHC)
Sections of brain tissue were deparaffinized and hydrated by immersion in serial dilutions of ethyl alcohol, and were then stained with hematoxylin-eosin and alkaline congo red by conventional methods [6] for routine histopathological analysis. Additional tissue sections were immunostained for PrP-Sc using MAb F89/160.1.5 or MAb F99/97.6.1 [21, 22, 23] by blocking endogenous peroxidase with 0.3% hydrogen peroxide in methanol and autoclaving in distilled water at 121 for 40 min [10, 21, 22] to enhance the reactivity of PrP-Sc. Sections were incubated sequentially with primary MAb (RT, 1hr), biotinylated horse anti-mouse IgG secondary antibody, avidinbiotin-HRPO complex (ABC-peroxidase; Vector Labs, Burlingame, CA, USA), and a peroxidase substrate-chromogen (AEC; Dako Corp, Carpinteria, CA, USA), and then counterstained with Mayers hematoxylin. 3% normal horse serum (NHS) / 0.1 M Tris-HCl containing 0.05% Triton X-100 (TTB) was used as a diluent for primary and secondary antibodies and 0.5 M NaCl / TTB as a diluent for the ABC reagent to block non-specific tissue sites. Negative controls were prepared using brain tissue from normal sheep and cattle with no evidence of TSE and an irrelevant control MAb of the same isotype was substituted for MAb F89/160.1.5.
Western immunoblotting
To purify PrP-C and PrP-Sc by immunoprecipitation, 200 µl of a 1% brain homogenate in lysis buffer, precleared by centrifugation at 13,000 g for 15 min, was incubated for 2h at room temperature with 0.1 mg of F89/160.1.5. After incubation with an additional 50 µl of protein G-coupled agarose (Roche, Mannheim, Germany) for 2 h at room temperature, the immune complexes were centrifuged at 13,000 g for 3 min and the pellets washed according to the manufacturer's instructions [15] . Proteinase K (PK; GIBCOBRAL, Grand Island, NY, USA) digestions of immunoprecipitates were done with 20 mg/ml PK for 30 min at 37 o C. Since frozen tissues of animals with TSEs could not be imported into Korea, recombinant sheep PrP was used as a positive control in western immunoblotting. PrP was analyzed in aliquots equivalent to 200 mg of starting material on 15% polyacry-lamide minigels, and transferred to polyvinylidene difluoride membranes (NEN life science, Boston, MA, USA). The membranes were developed with 1 : 1,000 dilutions of polyclonal mouse anti-PrP, or control serum from an uninoculated mouse, goat anti-mouse IgG-HRPO, and a chemiluminescent substrate (ECL; Amersham, Buckinghamshire, England). Membranes were exposed to film (ECL Hyperfilm; Amersham) for 1-10 min.
Results
Clinical and epidemiological study of BSE in Korea
As a result of the clinical and epidemiological investigation of BSE in Korea from 1996 to 1999, a total of 162 (0.61%) of the 26,688 cattle examined were judged to be displaying neurological symptoms. During this period, the most frequently diagnosed neurological symptoms found were, 132 cases with parturient paresis (81.5%), which was followed by metabolic disease 4.3%, traumatic injuries 4.3%, and unknown causes 3.7%.
H&E and amyloid staining
The H&E staining of brain stem and mesencephalon from bovine brain obtained from Korean slaughterhouses between 1996 and 1999 occasionally showed a small number of spongiform lesions with vacuolation ( Fig. 1 ). When cattle with clinically neurological signs were examined histopathologically, neither typical lesions of BSE, spongiform changes, nor neurofilaments were observed.
Immunohistochemistry
Brain from scrapie infected sheep was used as a positive control. Positive red PrP-Sc deposits were observed in brain tissue from naturally scrapie-affected sheep in IHC (Fig. 2) . The PrP-Sc accumulation pattern was similar to that observed with polyclonal antisera to ovine or mouse PrP [18, 19] and the distribution or intensity of the immunostaining of the brain stem observed with MAb F99/97.6.1 was similar to that observed with MAb F89/160.1.5. The most abundant neuronal PrP-Sc accumulation area was the medulla at the obex and the pons, but amyloid was mostly observed in the thalamus [34] in the scrapie-affected sheep. In all areas of the brain in which vacuolation of neurons or neuropil was seen in H&E staining, PrP-Sc was detected in IHC. However, many areas containing PrP-Sc showed no vacuolation. PrP-Sc antigen accumulated within brain stem nuclei with spongiform lesions consisting of intraneuronal vacuoles and nonspongiform lesions.
PrP-Sc antigen accumulation was not observed when randomly selected cattle from slaughterhouses (Fig. 3a) or cattle with clinically neurological signs (Fig. 3b) were examined by immunohistochemistry. No immunostaining was detected in the brains of rabies-affected cattle or normal healthy sheep and cattle from farms and slaughterhouses in Korea.
Western blot analysis
Immunoprecipitation using MAb F89/160.1.5 followed by SDS-PAGE and western immunoblotting with polyclonal mouse antiserum was used to detect PrP-Sc in bovine brain tissues. Immunoprecipitated immune complexes were treated with loading buffer containing 2-mercaptoethanol (2-ME; Sigma), resolved on polyacrylamide gels and immunoblotted using the polyclonal antiserum against peptide-KLH conjugates as primary antibody. In the presence of 2-ME, only the 30 kDa monomeric recombinant PrP-C (Fig. 4, lane 1) and the PK-sensitive bovine PrP-C (Fig. 4, lane 3, 5, 7 ) of cattle from slaughterhouses and cattle with clinical neurologic signs was seen. Bands at 50kD and 25 kDa result from the reactivity of the secondary antibody with MAb F89/160.1.5. No bands were detected in PK-treated recombinant sheep PrP-C (Fig. 4 , lane 2), bovine brain sample (Fig. 4, lane 4, 6, 8) or BSA (Fig. 4, lane 9 ).
Discussion
Several extensive neurohistological studies have been carried out to determine, where possible, a specific differential diagnosis for cattle with clinical neurologic signs [1, 2, 17, 42] . One of the most common findings was of encephalitis, in many cases associated with listeriosis and rabies. A number of other inflammatory conditions of unknown aetiology have been also observed. However, the greatest proportion (55-65%) of animals not confirmed as BSE had no significant neurohistological lesions [42] . A number of clinical conditions may account for at least some of these animals. Previously uncharacterized behavioural psychoses have been encountered, and cystic ovarian disease can resemble BSE. Cachexia of unknown origin can be difficult to distinguish from BSE, especially when ectoparasite trauma or stress coexist. Transient metabolic/nutritional disorders, due to abrupt alterations in nutrition or environment, can also cause genuine clinical confusion with BSE. Human factors may also contribute to the reporting of clinically normal cows as suspects, particularly an anxiety to detect cases (usually on farms with multiple previous cases) and an ignorance of the normal behaviour of cows. In summary, a miscellany of other conditions, some better characterized than others, can be confused clinically with BSE, and effective therapy is often the most appropriate means of differentiation.
Neuropathologic lesions with TSEs-like spongiform changes are also observed in other abnormalities including branched-chain-keto-aciddecarboxylase deficiency, lysosomal disorders, hepatic encephalopathy, salt intoxication, toxins (ammonium and hexachlorophene), tunicamycin, the anthelmintic chlosantel, rabies, and artifacts in tissue processing [13, 17, 33, 41] . Although histopathological examination for spongiform change has always been the principal laboratory test for the confirmation of BSE, the detection of disease-specific 'scrapie associated fibrils (SAF)' by electron microscopy [32] is an useful supporting test, particularly where tissue is autolyzed, mechanically damaged or the histopatholotical result has been equivocal. Biochemically, these SAFs appear to be composed almost entirely of the abnormal protein PrP-Sc (27-30 kDa) which is partially resistant to the proteinase enzymes used in the extraction procedure, though the normal host PrP-C (33-35 kDa) is completely denatured by proteinase enzyme digestion. The immunohistochemical demonstration of accumulated PrP in the nervous system is a diagnostic feature of the TSEs. Since most of antibodies presently available against PrP, except one [15] , react with both the normal and the disease specific isoforms of the protein, protocols including autoclaving or PK digestion and controls are required which exclude or identify reactivity with the normal isoform. It is always necessary to establish the disease specificity of the variety of configurations and patterns of labelling produced with each antibody. Widespread particulate staining of certain gray matter neuropil is the principal form of disease-specific immunolabelling [18, 19, 34] and a knowledge of the disease-specific configuration and distribution of Pr-P-Sc immunolabelling is central to the diagnostic application of these methods. H&E staining of bovine brain stem obtained from slaughterhouses in Korea showed TSEs-like spongiform lesions, but BSE-associated fibril protein or PrP-Sc antigen accumulation was not observed in amyloid stain, IHC analysis or western immunoblotting. Therefore, these vacuolations were attributed to other abnormalities or artifacts. No PrP-Sc band in western immunoblotting was shown in the rabies-affected bovine brain or in cattle with nervous clinical signs, as observed in farms or in cattle from slaughterhouses in Korea, during the study period.
The immunohistochemistry or western immunoblotting technique described in this report is suitable for the assay of bovine brain, retina, distal ileum, deer or elk brain, and of ovine brain, spleen and lymphoid tissues, including the peripheral lymph nodes, tonsil and nictitating membrane (third eyelid, palpebra tertia) [12, 22, 23, 27, 28, 30, 43] . MAbs to a conserved site and a standard immunological assay technqiue can be useful in combination with clinical and histopathological analysis for the surveillance of TSEs in Korean livestock. The characterization of MAb, YHP99/ 1.5, YHP99/8.6, YHP99/8.11, YHP99/9.2, YHP99/9.5, which were produced against bovine Prion protein residues 146-159 (NH 2 -SRPLIHFGSDYEDRC-COOH) in Korea, and their application for the preclinical and postmortem diagnosis of scrapie, BSE are under investigation. 5, 7) . In PK-treated recombinant sheep PrP-C (lane 2), bovine brain sample (lanes 4, 6, 8) and BSA (lane 9), the 30kDa band was not observed. In lanes 3, 5, and 7, heavy chain and light chain MAb used in the immunoprecipitation reacted with secondary antibody used in western immunoblotting at 50kDa and 25kDa. Bars on the left indicate molecular size markers (in kilodaltons).
